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Introduction
Excess dietary salt intake is an essential risk factor for the development and progression of cardiovascular disease Bibbins-Domingo et al., 2010) , which is typically attributed to increases in blood pressure (De Wardener and MacGregor, 2002; Meneton et al., 2005) . Several lines of evidence including epidemiological observations, animal studies and clinical trials have consistently shown a causal relation between dietary salt intake and hypertension (Taubes, 1998; Bibbins-Domingo et al., 2010) . However, the mechanisms by which high dietary salt raises blood pressure are complex with the involvement of the kidney, the CNS and the vasculature. In the kidney, the role of epithelial sodium channels (ENaC) in regulating blood pressure has been extensively studied. Excess salt intake elevates ENaC activity in the principal cells of renal cortical collecting ducts, leading to increased Na + reabsorption and water retention, and eventually causes salt-sensitive hypertension (Aoi et al., 2007; Kakizoe et al., 2009) . High salt (HS) raises the levels of hydrogen peroxide in the kidney of Dahl salt-sensitive (SS) rats (Taylor and Cowley, 2005) and we have shown that hydrogen peroxide stimulated ENaC in distal nephron cells (Ma, 2011; Zhang et al., 2013) . Earlier studies have also suggested that ATP, vasopressin, endothelin-1 and epidermal growth factor contribute to saltsensitive hypertension by stimulating ENaC (Nicco et al., 2001; Ahn et al., 2004; Ma and Eaton, 2005; Pochynyuk et al., 2008; Pavlov et al., 2013) . Recently, angiotensin II has been shown to induce hypertension by stimulating ENaC via (pro) renin receptors (Peng et al., 2017) . Therefore, the underlying mechanism involves several signalling molecules (Ma et al., 2007; Liu et al., 2013; Pavlov and Staruschenko, 2016) . In the CNS, ENaC also plays an important role in regulating blood pressure (Leenen, 2010; Takahashi et al., 2011) . The ENaC consists of three major subunits, α, β and γ (Canessa et al., 1994) . It usually requires all three subunits to form functional channels with spontaneous activity (Fyfe and Canessa, 1998) . However, only the α and the β subunits, but not the γ, are abundantly expressed in the brain (Amin et al., 2005) . We and others have shown that either the α subunit alone or with another subunit can also form a functional channel, even without any spontaneous activity (Kizer et al., 1997; Ma et al., 2004) . These studies suggest that stoichiometrically different population of ENaC may regulate blood pressure by altering cerebrospinal fluid, interstitial Na + concentration and neuronal excitation.
Although the ENaC in the brain may not have any spontaneous activity, it can be regulated by aldosterone (Wang et al., 2016) and even mediate the development of hypertension in Liddle Syndrome (Van Huysse et al., 2012) . In the vasculature, little is known how ENaC is involved in salt-sensitive hypertension, even though it has been long known that vascular smooth muscle and endothelial cells express ENaC (Golestaneh et al., 2001; Jernigan et al., 2008) . It is well known that endothelial cells play a very important role in the regulation of vascular tone (Luscher et al., 1992) . In vitro studies from cultured endothelial cells also show that slight elevation of extracellular sodium induces cell swelling and plasma membrane stiffening and that these effects are dependent on both aldosterone and the functional ENaC (Oberleithner et al., 2004; Oberleithner et al., 2007) . These studies together suggest that ENaC may mediate HS-induced endothelial dysfunction.
Our recent report shows that, in Sprague-Dawley (SD) rats, HS intake decreases plasma aldosterone and ENaC activity and consequently enhances endothelium-dependent relaxation to allow the vasculature to adapt to HS challenge (Liu et al., 2015) . Conversely, in Dahl SS rats, enhanced ENaC activity may result in loss of this adaptation. Therefore, the present study was designed to determine whether ENaC in endothelial cells was activated by dietary salt and mediated salt-sensitive hypertension.
Methods

Animals
All animal care and experimental procedures were approved by the Harbin Medical University Animal Supervision Committee. Animal studies are reported in compliance with the ARRIVE guidelines McGrath et al., 2010; McGrath and Lilley, 2015) . These Tables list key protein targets and ligands in this article that are hyperlinked to corresponding entries in http://www.guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY (Southan et al., 2016) , and are permanently archived in the Concise Guide to PHARMACOLOGY 2015/16 ( a,b Alexander et al., 2015a,b) .
Tables of Links
A total number of 210 normotensive male Dahl SS rats weighing 220~240 g was used. These rats were randomly assigned into two groups (105 rats in each group) and were fed either a normal salt (NS) diet (NS, 0.3% NaCl, w/w for 3 weeks) or HS diet (HS, 8% NaCl, w/w for 3 weeks). The systolic blood pressure (SBP) of SS rats was measured in conscious rats by the tail-cuff method (BP 98A, Softon, Tokyo, Japan). Then, the rats were killed, and blood was collected from the main abdominal artery for the measurement of plasma aldosterone. The heart and whole kidney were quickly excised and weighed in cold (4°C) buffer. Sixty rats of each assigned group were used for primary culture of the mesenteric artery (MA) endothelial cells. Western blots were carried out using these cells to detect the levels of α, β and γ-ENaC and the phosphorylation of eNOS and Akt. Immunofluorescence experiments were performed to detect NO production. The second-order MAs isolated from 40 rats of each assigned group were prepared to test the vasodilation and to record single-channel activity of ENaC. Five rats of each assigned group were used to examine the expression levels of α, β and γ-ENaC in MAs by immunofluorescence staining.
Primary culture of rat mesenteric artery endothelial cells
The primary cultures of endothelial cells from rat MAs were carried out as previously described (Liu et al., 2015) . Briefly, SS rats receiving heparin were anaesthetised with 10% chloral hydrate (4 mL·kg À1 ). The abdomen was opened, and the heart was perfused with sterile and chilled physiological saline solution (PSS) to remove circulating blood from blood vessels. PSS contained (in mM) 137 NaCl, 5.4 KCl, 0.05 CaCl 2 , 0.4 KH 2 PO 4 , 0.4 Na 2 HPO 4 , 4.4 NaHCO 3 and 10 HEPES (pH 7.4 with HCl). The mesenteric vascular bed was dissected out, and all the vein branches of the mesenteric bed were rapidly excised under a dissecting microscope. The remaining arterial branches were digested with 0.2 mg·mL À1 collagenase I for 1 h at 37°C with mild shaking. Detached endothelial cells were collected by centrifugation, re-suspended in 20% FBS-DMEM and then cultured in gelatin-coated petri dishes. Two hours later, non-adherent adherent cells were removed and the adherent endothelial cells were cultured at 37°C with 5% CO 2 for 3-5 days. These cells were used for experiments without further cell passage.
In situ patch-clamp recording
In situ patch-clamp recordings of ENaC single-channel current were performed using intact vascular endothelium as previously described (Liu et al., 2015) . Briefly, second-to third-order branches of MA were dissected and the arterial segment were placed on a 5 × 5 mm cover glass coated with L-polylysine and then transferred to a chamber mounted on an inverted Nikon microscope, allowing direct access to the endothelial cell layer. Patch pipettes of resistance 6~10 MΩ were pulled from borosilicate glass capillaries with a Sutter P-97 horizontal puller. The bath and the pipette solutions contained (in mM): 135 NaCl, 4.5 KCl, 1 MgCl 2 , 1 CaCl 2 , 5 HEPES and 5 Na-HEPES (pH 7.4 with NaOH). Single-channel ENaC currents were recorded in the cellattached configuration with an Axon Multiclamp 200B amplifier (Axon Instruments, Foster City, CA, USA) at room temperature (22-24°C). The single-channel currents were recorded at least over 30 min immediately after gigaseal formation. For most experiments, the data were acquired by application of 0 mV to patch pipettes and were sampled at 5 kHz and low-pass filtered at 1 kHz with Clampex 10.2 software (Molecular Devices, Sunnyvale, CA, USA). Prior to analysis, the single-channel traces were further filtered at 30 Hz. Open probability (P O ) was calculated as follow: P O = NP O /N, where N (N was estimated by the current amplitude histogram) represents the apparent number of active channels in the patch.
Wire myograph studies
The vasodilation of isolated MA rings was measured using an isometric myograph (Danish Myo Technology, Aarhus, Denmark), as previously described (Yang et al., 2010; Liu et al., 2015) . After rats were killed, MAs were removed and dissected in oxygenated ice-cold PSS. Changes in isometric tone of MAs (second order) were recorded in wire myograph equilibrated in PSS at 37°C and bubbled with a mixture of 5% CO 2 in 95% O 2 . In some rings, the endothelium was removed by gentle rubbing of the intimal surface with a hair. After measurement of the passive-tension internal circumference characteristics, the tension was set to an estimated in vivo internal circumference. After a 60 min stabilization period, KPSS (PSS containing 60 mM K + ) was added to the chambers and washed out with PSS until a reproducible maximal contraction was achieved. Endothelium-dependent and -independent relaxation was measured by testing concentration-responses to cumulative addition of ACh or nitroglycerin (NTG) in rings precontracted with phenylephrine (10 μM) . Some rings were incubated with ENaC blocker amiloride (0.5 μM) for 10 min or an aldosterone receptor blocker eplerenone (10 μM) for 1 h before assessing their relaxation response to ACh and NTG.
Immunofluorescence staining
The MA segments were fixed with 4% paraformaldehyde for 2 h followed by 20% sucrose at 4°C overnight, embedded into optimal cutting temperature solution and cut at 6 μm thickness with freezing microtome (Leica Biosystem, Germany). Arterial sections were then permeated with 0.25% Trixiton X-100 and blocked with 1% BSA 30 min prior to incubation with primary antibody. For double staining, we double-labelled the tissues with antibodies against CD31, an endothelial cell marker (Sigma-Aldrich, USA) and ENaC (α, β or γ-ENaC, StressMarq, Canada) at 4°C overnight, followed by corresponding secondary fluorescence antibodies for 1 h. Hoechst 33 342 (10 μM) was used to stain nuclei for 5 min. All slides were imaged using a confocal microscope (Olympus, Fluoview1000, Japan). Identical acquisition settings were used for all images.
Western blotting
Protein samples prepared from endothelial cells homogenates were analysed by electrophoresis with 10% SDS-PAGE and transferred to nitrocellulose membranes using a Trans-blot unit (Bio-Rad Laboratories) for 1.5 h at 250 mA. Membranes were blocked with 5% (w/v) BSA in TBS (pH 7.4) containing 0.1% (v/v) Tween 20 (TBST) for 1 h at room temperature (22-24°C). The membrane was incubated with the primary antibodies against α-ENaC (StressMarq, Canada), β-ENaC (Sigma, Germany), γ-ENaC (StressMarq, Canada), phospho-Akt (Cell Signalling Technology, USA), Akt (Cell Signalling Technology, USA), phospho-eNOS (Cell Signalling Technology, USA), eNOS (Abcam, USA), β-actin (Santa Cruz Biotechnology, USA) or GAPDH (Santa Cruz Biotechnology, USA) overnight at 4°C. After washing with TBST, blots were incubated for 1 h at room temperature with the corresponding secondary antibodies (1:10 000). Membranes were finally washed with TBS-T and the protein bands were detected by ECL kit (Invitrogen, Carlsbad, CA) and scanned densitometry (Bio-Rad, USA).
Measurement of NO production in the endothelial cells of mesenteric artery NO production in endothelial cells of MA was assessed by measuring the fluorescence of 4-amino-5-methylamino-2 0 ,7 0 -difluorofluorescein diacetate (DAF-FM diacetate; Life Technology, Rockford, IL), a specific NO probe. Briefly, DAF-FM diacetate (10 μM) was added to the endothelial cells for 1 h. Labelled cells including those treated with amiloride were washed twice in modified PBS before analysis by confocal microscopy. NO levels were assessed by fluorescence intensity.
Data and statistical analysis
The study design and analysis conformed to the recent guidance on experimental design and analysis (Curtis et al., 2015) . Results represent means ± SEM from different groups. Concentration-response curves were analysed by non-linear regression followed by Student's t-test and compared between two groups. Comparisons were made between two groups by using unpaired Student's t-test. P < 0.05 was accepted as statistically significant.
Materials
The following compounds were supplied by Sigma-Aldrich (St. Louis, MO.): ACh, aldosterone, amiloride, eplerenone, NTG and phenylephrine. Hoechst33342 was supplied by Invitrogen.
Results
HS diet elevates blood pressure and plasma aldosterone in SS rats
Our previous studies showed that HS diet elevates SBP in SD rats but also reduces plasma aldosterone, allowing the rats to adapt to HS challenge (Liu et al., 2015) . Here, we show that in Dahl SS rats, HS diet increased SBP ( Figure 1A ; n = 20; P < 0.05) whereas the SBP remained at normal levels in the rats on NS diet ( Figure 1A ; n = 20; P > 0.05). Unlike the response of SD rats, plasma aldosterone levels were not reduced, but elevated in SS rats ( Figure 1B ). These observations indicate that the secretion of aldosterone in SS rats is up-regulated by dietary salt. HS diet had no effect on the ratio of heart weight and body weight (HW/BW) ( Figure 1C ) but significantly increased the ratio of kidney weight and body weight (KW/BW) ( Figure 1C ), indicating that the kidney is the major target of HS challenge. The paradoxical elevation of plasma aldosterone may account for loss of adaptation to HS in SS rats.
HS diet enhances ENaC activity and expression in endothelial cells of SS rats
Recent studies suggest that the activity of ENaC in the distal nephron is up-regulated by dietary sodium in SS rats (Pavlov et al., 2013) . We showed that HS diet also stimulates ENaC in endothelial cells of SD rats but that the stimulation disappeared when the rats were continuously fed HS diet (Liu et al., 2015) . To test whether HS-induced ENaC activity can be sustained in SS rats, in situ cell-attached patch-clamp recording of ENaC single-channel current in intact endothelial cells was performed, as previously reported (Climent et al., 2011; Liu et al., 2015) . Our results showed that ENaC P O was significantly increased in SS rats fed HS diet for 3 weeks (Figure 2A, B) , which was reduced by 0.5 μM amiloride.
We have previously shown that α-ENaC expression is reduced in response to HS challenge, probably due to a decreased plasma aldosterone (Liu et al., 2015) . As HS diet paradoxically elevates plasma aldosterone in SS rats (shown in Figure 1B) , it may affect the expression of ENaC in Figure 1 HS diet significantly increases SBP and plasma aldosterone levels of SS rats. (A) SBP in SS rats fed with either NS or HS diet. SBP was measured on days 7, 14 and 21. *P < 0.05, significantly different from NS; n = 20. (B) Plasma aldosterone levels in SS rats fed with either NS or HS diet. Plasma aldosterone levels were measured at day 21. *P < 0.05, significantly different from NS; n = 20. (C) HS diet had no effect on heart weight as demonstrated by the HW/BW index, but significantly increased kidney weight as demonstrated by changes in the KW/BW index of SS rats, compared with NS diet. *P < 0.05 significantly different from NS; n = 10. endothelial cells. Therefore, we assessed α-, β-and γ-ENaC protein in endothelial cells using Western blot and immunofluorescence labelling. As shown in Figure 2C and D, Western blot showed that α-, β-and γ-ENaC expression levels were significantly increased in endothelial cells freshly isolated from MA of SS rats on HS for 3 weeks. These results suggest that ENaC expression is up-regulated by HS diet, which is consistent with the elevation of ENaC activity. We also examined the expression and distribution of ENaC in endothelial cells attached to the artery by immunofluorescence staining of ENaC. These results also demonstrated that α-, β-and γ-ENaC in endothelial cells of SS rats were elevated by HS diet (Figure 3A-D) .
HS diet blunts endothelium-dependent artery relaxation by stimulating ENaC
We have previously shown that in SD rats, reduced ENaC activity induced by HS diet mediates endotheliumdependent artery relaxation (Liu et al., 2015) . Therefore, we hypothesized that elevated ENaC activity induced by HS diet in SS rats may blunt endothelium-dependent artery relaxation. Indeed, the present study shows that HS diet did cause loss of endothelium-dependent artery relaxation. Precontraction of the arterial ring was induced by application of 10 μM phenylephrine in all the similar experiments. As shown in Figure 4A and B, HS diet blunted endothelium-dependent artery relaxation induced by ACh in SS rats. To determine the possible role of ENaC in this relaxation, we pre-incubated the artery with an ENaC blocker, amiloride, for 10 min before measuring ACh-induced relaxation. The data show that blockade of ENaC enhanced the relaxation induced by ACh in rats on both NS and HS diet ( Figure 4A, B) . However, in the rats on HS diet, blockade of ENaC caused a quick rebound of the relaxation induced by a high dose of ACh (1 μM), indicating that HS diet not only reduces artery relaxation but also causes loss of relaxation stability. To avoid the accumulation of different concentrations of ACh, which could induce instability of MA relaxation, single applications (0.1 or 1 μM) of ACh were used to test the artery relaxation in rats on NS or HS diet. The data show that single doses of ACh also induced reduction and instability of relaxation in MA rings from HS treated rats ( Figure 4C, D) and that blocking ENaC in MA rings enhanced the ACh-induced relaxation in HS diet group. Moreover, amiloride also prevented the unstable relaxation induced by 0.1 or 1 μM ACh. These data suggest that ENaC plays an important role in controlling vascular tone, especially in SS rats on HS diet.
HS diet does not affect endothelium-independent artery relaxations in SS rats
We and others have shown that ENaC is not only expressed in endothelial cells but also in smooth muscle cells (Jernigan et al., 2008; Liu et al., 2015) . Therefore, the possible involvement of smooth muscle ENaC in regulating endothelium-independent relaxation was determined by exposing the isolated artery to NTG. The data show that there was no significant difference in NTG-induced, endothelium-independent relaxation, regardless of the diet. To further rule out the possible involvement of ENaC expressed in vascular smooth muscle cells, we also performed the experiments to test whether blocking ENaC with amiloride can affect NTG-induced endotheliumindependent relaxation. The data show that amiloride did not alter NTG-induced artery relaxation ( Figure 5A, B) . There was no ACh-induced relaxation observed in the artery when its endothelium was removed. Removal of the endothelial cell layer did not affect NTG-induced vascular relaxation. More importantly, amiloride affected neither ACh-nor NTG-induced relaxation in the endotheliumdenuded arteries ( Figure 5C-F) . These results suggest that only ENaC in the endothelium, not in the vascular smooth muscle cells, mediated the loss of vascular relaxation induced by HS challenge.
ENaC mediates HS-reduced eNOS activity and NO production
To determine whether ENaC controls artery relaxation by altering NO bioavailability, eNOS phosphorylation and NO production in endothelial cells were measured. The data show that eNOS phosphorylation at Ser 1177 and Akt phosphorylation at Ser 473 were significantly decreased in the endothelial cells isolated from SS rats on HS diet, but not on NS diet. The decrease was reversed by blocking ENaC with amiloride ( Figure 6A-D) . Consistent with reduced eNOS activity, NO levels were also significantly decreased in the endothelial cells isolated from the rats on HS diet, but not on NS diet. This HS-induced reduction of NO was also reversed by amiloride ( Figure 6E, F) . These results suggest that ENaC and vasodilation BJP HS diet reduces eNOS activity and NO production by stimulating ENaC and therefore increases vascular tone.
HS diet stimulates ENaC by elevating aldosterone
To determine whether aldosterone accounts for the increased ENaC activity in SS rats on HS diet, the isolated arteries were incubated for 1 h with either aldosterone (10 nM) or eplerenone (10 μM, a specific aldosterone receptor antagonist).
As shown in Figure 7A and B, exogenous aldosterone significantly increased ENaC P O in endothelial cells from the rats fed with NS diet, but did not further elevate ENaC P O from the rats in which ENaC is highly activated by already elevated endogenous aldosterone. Furthermore, blockade of aldosterone receptors with eplerenone significantly reduced ENaC P O in the rats fed with HS diet, but not NS diet ( Figure 7C, D) . These results suggest that the high level of Figure 5 HS diet does not affect endothelium-independent relaxation. (A) Arterial rings from SS rats fed with either NS or HS diet were precontracted by 10 μM phenylephrine (Phe). Relaxation was induced by cumulative treatment with NTG. Responses are shown from rings without (a or c) or with 0.5 μM amiloride (Ami; b or d). The first dot indicates application of 10 À10 M NTG to the precontracted artery ring, whereas the following dots indicate the concentrations of NTG were increased to 10 À9 , 10 À8 , 10 À7 , 10 À6 and 10 À5 respectively. (B) Summary of artery relaxation induced by different doses of NTG (n = 9). (C) Relaxation of endothelium-removed artery from SS rats fed with either NS or HS diet in response to cumulative doses of ACh, as described in the legend of Figure 4 . (D) Summary of artery relaxation in response to different doses of ACh when the endothelium was removed (n = 9 for each data point). (E) Relaxation of endothelium-removed artery from SS rats fed with either NS or HS in response to NTG. (F) Summary of artery relaxation in response to different doses of NTG when the endothelium was removed (n = 9 for each data point).
activation of ENaC in endothelial cells can be attributed to the raised plasma aldosterone, induced by HS diet.
HS diet blunts endothelium-dependent artery relaxation by elevating aldosterone
We next determined the effects of blockade of aldosterone on ACh-induced artery relaxation. The data show that HS diet blunted ACh-induced artery relaxations (Figure 8) . Incubation of the isolated artery with eplerenone (10 μM) for 1 h reversed HS-induced reduction of artery relaxation ( Figure 8A-C) . As shown in Figure 8D -E, eplerenone also enhanced the artery relaxation induced by a high dose of ACh in the rats fed with HS diet. These data suggest that aldosterone plays a key role in HS-induced ENaC activity and loss of endothelium-dependent artery relaxation in SS rats.
Discussion
Our data indicate that endothelial ENaC is regulated by HS intake in SS rats and that this regulation may play an important role in dietary salt-induced endothelial dysfunction in salt-sensitive hypertension. HS significantly elevates ENaC expression and activity in endothelial cells, leading to the reduction of eNOS activity and NO production, and therefore blunts the endothelium-dependent relaxation in SS rats. ENaC play an important role in HS-induced loss of vascular relaxation in SS rats because blockade of ENaC can reverse the decreased eNOS activity and NO production caused by HS intake in these rats. Although amiloride can also block the Na + -H + exchanger, it has much higher binding affinity to ENaC than the Na + -H + exchanger (Weinman and Reuss, 1982) . However, the role of ENaC described here can be further determined by specific knockout of ENaC in the vasculature. It appears that aldosterone acts as an initial signalling molecule for HS-induced endothelial dysfunction because HS diet increases plasma aldosterone levels in SS rats and blockade of aldosterone receptors markedly inhibits ENaC activity and prevents the loss of artery relaxation induced by HS intake. However, to our knowledge, it is unknown why HS intake elevates plasma aldosterone in SS rats. Nevertheless, our results strongly suggest that ENaC is one crucial determinant of endothelium-dependent artery relaxation, especially in SS rats. Although HS intake may affect endothelium-dependent relaxation through various pathways, the dysregulation of the NO system is the main signalling pathway involved in controlling vascular tone, by targeting endothelial cells (Feletou and Vanhoutte, 2006) . Studies in humans and animal models have shown that HS diet causes an increase in plasma Na + concentration and a small increase in Na + concentration (from 137 to 142 mM) can suppress eNOS activity, leading to loss of NO dependent vasodilation (Li et al., 2009; Suckling et al., 2012) . The elevated plasma Na + may pass through active ENaC to inhibit eNOS phosphorylation via a pathway associated with PI3K and Akt (Perez et al., 2009) . Here, we show that, without functional ENaC, HS diet may not cause loss of NO dependent vasodilation. This implies that the ENaC blocker amiloride may treat salt-sensitive hypertension by restoring NO-dependent vasodilation. Although vascular smooth muscle cells also express ENaC (Jernigan et al., 2008; Liu et al., 2015) , our data show that blockade of ENaC did not alter ACh-and NTG-induced relaxation of endotheliumdenuded arteries, indicating that the ENaC in smooth muscle cells may not be targeted by HS diet, but is regulated by hydrostatic pressure to mediate myogenic constriction, as reported previously (Jernigan et al., 2008) . The classical action of aldosterone is control of ENaC expression and activity via mineralocorticoid receptor (MR)-associated pathways only in the epithelia of kidneys (Aoi et al., 2007) . However, recent studies suggest that aldosterone also regulates ENaC expressed in endothelial cells (Golestaneh et al., 2001; Kusche-Vihrog et al., 2008) . The effects of aldosterone on endothelial function can be either reversed by the ENaC-specific blocker amiloride or prevented by spironolactone, a competitive MR antagonist (Kusche-Vihrog et al., 2008) . Moreover, both aldosterone and high extracellular sodium can alter endothelial function (Li et al., 2009; Druppel et al., 2013) . We and others have shown that HS diet suppresses plasma aldosterone in SD rats but increases plasma aldosterone levels in Dahl SS rats (Morizane et al., 2012; Liu et al., 2015) . In SD rats, HS intake enhances ACh-induced artery relaxation by reducing ENaC activity, due to a decreased plasma aldosterone (Liu et al., 2015) . Conversely, here we show that in SS rats, HS intake blunts the artery relaxation by stimulating ENaC due to an increased plasma aldosterone. Furthermore, the increased ENaC activity in endothelial cells causes a reduction of NO production and consequently elevates vascular tone. Therefore, the differences in the regulation of plasma aldosterone and ENaC activity between SD and Dahl SS rats may respectively account for salt adaptation and saltsensitive hypertension. Consistent with our data, Morizane et al. (2012) also had shown that HS diet increased plasma aldosterone levels in SS rats but completely suppressed plasma aldosterone in salt-resistant (SR) rats. However, the response of plasma aldosterone levels to salt loading in SS rats is still a matter of debate. For instance, Matsukawa et al. (1993) found that HS diet reduced plasma aldosterone in both SS and SR rats. It has been argued that the controversial results may be due to the different feeding methods or breeding facilities (Morizane et al., 2012) . Thus, the role of aldosterone in the pathophysiology of salt-sensitive hypertension needs to be further investigated.
Figure 8
Blockade of aldosterone receptors prevents endothelium-dependent artery relaxation reduced by HS in SS rats. (A) Artery relaxation induced by cumulative treatment with ACh in rats fed with either NS or HS diet without (a and c) or with 10 μM eplerenone (EPL; b and d). (B and C) Summary of relaxation in response to either 0.1 μM ACh (a) or 1 μM ACh (b) without and with 10 μM eplerenone. *P < 0.05, significantly different from HS; n = 6. (D) Representative traces of artery relaxation induced by ACh at 0.1 μM (a) or 1 μM (b) in SS rats fed with either NS or HS diet without and with giving 10 μM eplerenone. (E) Summary of artery relaxation under the conditions described in (D). *P < 0.05, significantly different from NS; # P < 0.05, significantly different from HS; n = 18).
In conclusion, our present experiments have shown that dietary HS intake significantly elevates blood pressure in SS rats via a new pathway associated with increased ENaC activity in endothelial cells, which controls vascular tone in an NO-dependent manner. Although the present study has not tested whether amiloride can lower blood pressure in SS rats, previous studies have already shown that HS diet dramatically increased the mean arterial pressure of Dahl SS rat and amiloride or benzamil (an analogue of amiloride) significantly reduced the level of salt-induced hypertension (Kakizoe et al., 2009; Pavlov et al., 2013) . Therefore, this study may provide useful information for the eventual development of drugs to treat salt-sensitive hypertension.
